INTRODUCTION
The National Transonic Facility (NTF) is a closed circuit, high Reynolds number, pressurized, cryogenic wind tunnel used by the aircraft industry for its ability to accurately simulate the full scale, in-flight performance characteristics of large transport aircraft at transonic speeds.
The NTF can match the flight eliminating the need to bring up the drive system and prevent ground fogging. Sized to handle the total quantity of the torus, the new vaporizer will reduce test section access time by a minimum of 15 minutes.
FAN DRIVE SYSTEM
The NTF was originally configured with two motors from a decommissioned wind tunnel, an existing speed control system, and a synchronous motor coupled by two gear boxes to achieve the tum'el's desired fan speed/torque requirements. The total short-term overload power was roughly 92 MW.
This was slightly below the design requirement of the tunnel due to higher than anticipated losses.
Much of the NTF's unscheduled downtime was logged to the fan drive system, but it was not possible to pinpoint a single element that was the major cause of the delays. A detailed analysis of the facility downtime logs revealed issues related to operation, breakdowns, repairs, and extensive maintenance of this drive system. The lost hours were grouped into three major catagories; which were failure of complicated rotating machinery, awkward system operation, and limited design power.
1.
The sheer complexity of the drive system contributed the majority of logged hours. These were associated with the mechanical and rotating elements of the drive line, such as bearing, couplings, clutches, and oil supplies. Figure 3 . The main components of the NTF's fan drive system are the synchronous motor, LCI, transformer, and harmonic filter. The LCI takes power from the supply network at constant voltage and frequency and converts it to variable voltage and frequency.
The synchronous motor converts this electrical energy to fan power with a shaft speed proportional to the input frequency.
The synchronous machine can be accelerated (motor mode) and decelerated (generator mode) at any speed within the operating speed range of the NTF fan, as shown in Figure 4 .
American Institute of Aeronautics and Astronautics
The synchronous motor has two electrically isolated stator windings with a salient pole rotor. Due to the 30°electrical phase shift between the two stator windings, the rotor shaft pulsating torques are reduced with consequent reduction of the mechanical stress on the fan shaft. This is required to assure the mechnical stress levels do not get too high, and to smooth the torque output. A torque limiting coupling is used to connect the motor to the existing fan drive shaft to protect the fan from over stress due to transient overload conditions.
The LCI consists of two independent channels, resulting in a total of four identical three-phase bridges.
Redundancy (n+l design) is built in the thyristor bridges, to increase system availiablity.
Therefore, one thyristor may fail per branch, and the drive is still able to run at full load continuously. The bridges are cooled by a closed loop deionized water circuit. The LCI is housed in a conditioned, enclosed structure to remove heat losses and protect personnel and equipment. Incoming power is provided from LaRC's primary substation and routed to the NTF via an underground gas-filled, high voltage feeder cable. A four winding input isolation transformer reduces the voltage to the LCI.
Because of the electrical distortion generated when firing thyristors, a harmonic filter is required to meet the industry guidelines for feeding harmonic distortion back through the local power system. The damped filter is connected to the transformer tertiary winding and is split into four series-resonant circuits tuned to the 3 _, 5 th, 11 th, and 13 th harmonic frequencies.
In all NTF operating conditions the power factor and harmonic distortion are kept within specified limits. An added benifit of the new drive system design is an increase in the NTF operating envelope. Figure 5 shows a significant increase in test capability at high Extemai communications were upgraded from RS-232 protocol to Ethernet drivers for high speed data transfer to the facility's process computer.
See Figure 6 for communications block diagram. With this planned system upgrade, the possibility of a crippling failure from obsolete hardware has been eliminated.
The reliability of the installed system is extremely high. Other than infant mortality issues and commissioning failures there have been no system component failures to date. In addition, substantial spare parts were procured, and an increased inventory is maintained at the facility to minimize future hardware changeout downtime.
CONTROL INTEGRATION UPGRADES
The control system upgrades provide the greatest benefit to online cost savings as predicted by the simulation. 
